ABSTRACT Introduction: Exercise-induced ventricular arrhythmia (EIVA) and autonomic imbalance are considered as early markers of heart disease in Chagas disease (ChD) patients. The objective of the present study was to verify the differences in the occurrence of EIVA and autonomic maneuver indexes between healthy individuals and ChD patients with no apparent cardiac involvement. Methods: A total of 75 ChD patients with no apparent cardiac involvement, aged 44.7 (8.5) years, and 38 healthy individuals, aged 44.0 (9.2) years, were evaluated using echocardiography, symptom-limited treadmill exercise testing and autonomic function tests. Results: The occurrence of EIVA was higher in the chagasic group (48%) than in the control group (23.7%) during both the effort and the recovery phases. Frequent ventricular contractions occurred only in the patient group. Additionally, the respiratory sinus arrhythmia index was signifi cantly lower in the chagasic individuals compared with the control group. Conclusions: ChD patients with no apparent cardiac involvement had a higher frequency of EIVA as well as more vagal dysfunction by respiratory sinus arrhythmia. These results suggest that even when asymptomatic, ChD patients possess important arrhythmogenic substrates and subclinical disease.
INTRODUCTION
Chagas disease (ChD) is classifi ed as a neglected tropical disease (1) and continues to be an important cause of heart failure in many countries in Latin America (2) . Beyond the endemic areas, ChD also represents a worldwide public health problem due to migration of infected people to developed countries, and mainly North America and Europe (3) .
In the early stages, ChD patients have no symptoms or electrocardiographic and radiologic abnormalities (4) . The classifi cation with no apparent cardiac involvement has been used for asymptomatic, serologically Trypanosoma cruzi-positive patients with a normal electrocardiogram (ECG) and chest X-ray after a full or partial radiological study of the digestive tract. Because radiological studies of the digestive system of these patients have not been performed, these individuals cannot be classifi ed when they have the indeterminate form of the disease (5) .
In any case, the medical literature has indicated an excellent 10-year prognosis for ChD patients without heart involvement (6) , although progressive myocardial damage may occur during the early stages (2) (7) . Furthermore, sudden death, mainly resulting from complications of advanced cardiac involvement, may be the fi rst manifestation of this disease (8) , although rare structural cardiac abnormalities, ventricular arrhythmias and autonomic disturbances may also play an important role (9) . Exercise testing is frequently used as a noninvasive assessment of myocardial ischemia that, along with patient history and physical examination, helps to characterize cardiovascular risk (10) . In addition, exercise testing can be used to identify cardiac arrhythmias, and particularly those triggered by exercise (11) . Premature ventricular contractions (PVCs) are the most frequent arrhythmias observed during exercise (12) and may increase the risk of death through multiple mechanisms (13) , mainly because they may be markers of ischemic processes (14) or arrhythmogenic substrates (15) . In the setting of ChD, noninvasive clinical methods, such as evaluation of the presence of exercise-induced ventricular arrhythmia (EIVA), may be useful for identifying arrhythmogenic substrates, especially for the early detection of subclinical cardiopathy. Therefore, the aim of the present study was to verify the differences in the occurrence of EIVA and autonomic maneuver indexes between
RESULTS

METHODS
Study design
This cross-sectional study was conducted at the Chagas Disease Outpatient Clinic and the Cardiology Service of the Hospital of the Federal University of Minas Gerais, Brazil, a tertiary ChD referral center.
The sample was stratified into two groups according to serology: a chagasic group and a control group. The criteria for inclusion in the chagasic group were the presence of two or more positive serological tests for T. cruzi, the absence of signifi cant clinical symptoms suggestive of functional impairment due to ChD, a chest X-ray with a normal cardiac silhouette and conventional ECG within the normal limits. The control group included healthy individuals with similar age and gender distributions as the chagasic group. The criteria for exclusion for both groups included the presence of any condition that affected the individual's ability to perform exercise testing and autonomic maneuvers.
A convenience sample was selected from the Chagas Disease Outpatient Clinic and the community. The selected individuals underwent clinical evaluation, echocardiography, and treadmill exercise and autonomic function tests.
Echocardiographic evaluation
A standard transthoracic two-dimensional (2D) echocardiogram was performed according to the recommendations of the American Society of Echocardiography (16) using a commercially available echocardiograph (GE Vivid 7, Horten, Norway). Diastolic function was assessed as previously described (17) . The left ventricular ejection fraction (LVEF) was determined using Simpson's rule.
Treadmill exercise test
All subjects performed a symptom-limited exercise test on a treadmill (Digistress Pulsar, Micromed, Brasilia, Brazil) using the standard Bruce protocol (12) . Twelve-lead ECG was continuously monitored, with data recorded every minute. The heart rate (HR) was determined from the ECG recording. Oxygen uptake (VO 2 ) was estimated using a specifi c formula (VO 2 max (mL/kg/min) = 2.33 (time in min) + 9.48) to evaluate functional capacity. Chronotropic incompetence (CI) was defi ned as the failure to attain 80% of the HR reserve (HR reserve = age-predicted maximal HR -resting HR) (18) .
At the recovery phase, after achieving the maximal workload, all patients spent 1 min in a cool-down period at a speed of 2.4km per hour and a grade of 2.5% (19) . After 1 min, all patients completed the recovery phase in the supine position.
For the analysis of EIVA, the prevalence and the total number of PVCs during the exercise and recovery phases were considered. Frequent ventricular ectopy was defi ned as the presence of 7 or more ventricular premature beats per minute during any stage of the exercise test or at recovery (20) .
Autonomic function tests
Autonomic function was assessed based on Valsalva maneuvers and respiratory sinus arrhythmia. The Valsalva maneuver was performed according to Oliveira et al. (21) . In brief, in the sitting position, the patient performed a valid maneuver by blowing, with the glottis closed, into a mouthpiece connected to an aneroid manometer by tubing in order to maintain an intraoral pressure of 40mmHg for 15s after a habitual inspiration. The maneuver was considered effective when facial plethora, neck vein distension and abdominal muscle contraction were observed.
The respiratory sinus arrhythmia test was performed with the patient in a sitting position while connected to a HewlettPackard electrocardiograph (1504 model) and wearing a nasal clip to avoid nasal respiratory loss (22) . The ratio between the longest expiratory RR interval and the shortest inspiratory RR interval (E:I ratio) was calculated for each respiratory cycle, as was the mean value for 6 cycles. The mean cardiac interval and the mean HR immediately before initiating the maneuver were obtained for the 10 RR intervals immediately preceding the beginning of the maneuver. All calculations were based on the original maximum and minimum cardiac intervals.
Statistical analysis
The sample size used was implemented to detect the prevalence of EIVA in ChD patients based on a previous study (23) .
Considering an alpha error of 0.05, a statistical power of 95% was obtained for the sample of 78 chagasic patients.
The data were analyzed using Statistical Package for the Social Sciences (SPSS) version 17.0 (SPSS Inc., Chicago, IL, USA). The normal distribution of the data was verifi ed using the Kolmogorov-Smirnov test. A descriptive analysis yielded the mean and 95% confi dence interval (CI). Categorical variables are presented as an absolute number (percentage). A parametric unpaired t-test, Pearson's correlation test, the nonparametric Mann-Whitney test and the Spearman rank correlation test were performed for data analysis, with the signifi cance level set at 0.05.
Ethical considerations
This study was approved by the Ethics Committee of the Federal University of Minas Gerais, and all patients provided written informed consent before participating in this study.
Characteristics of the sample
Clinical and demographic characteristics, echocardiographic parameters, functional capacity and chronotropic incompetence were similar between the two groups (Table 1 ).
In the analysis of myocardial contractility using 2D echocardiography, segmental changes in contractility were detected in fi ve patients. Apical akinesia (apical lesion) was found in two subjects, and hypokinesia of the basal segment of the inferior wall was identifi ed in three patients, one of whom also showed defi cits in contractility in the inferolateral wall. However, the overall contractility was preserved in all patients, with healthy individuals and ChD patients with no apparent cardiac involvement and to determine the factors associated with EIVA in ChD patients. The data are presented as the mean and 95% confi dence interval (95% CI) or number (percentage). BSA: body surface area; HR: heart rate; bpm: beats per minute; SBP: systolic blood pressure; DBP: diastolic blood pressure, LVDd: left ventricular end-diastolic diameter; LVSd: left ventricular end-systolic diameter; LVEF: left ventricular ejection fraction; LA: left atrium; E: early diastolic transmitral fl ow velocity; A: late transmitral fl ow velocity; DT: deceleration time; E/e': ratio of the early diastolic transmitral fl ow velocity to the early diastolic mitral annular velocity; peak VO 2: peak oxygen uptake; peak HR (% predicted): percentage of the maximum heart rate achieved.
DISCUSSION
normal systolic function. Table 1 shows that there was no correlation between segmental changes in contractility and the number of PVCs during exercise testing (r=0.060; p-value=0.539).
Exercise-induced ventricular arrhythmias
The occurrence of PVCs was higher in the chagasic group: 36 (48%) patients, than in the control group: nine (23.7%) individuals, during both the effort and the recovery phases (p-value=0.010 for both). The total numbers of PVCs observed during treadmill exercise testing and at the recovery phase are shown in Figures 1 and 2 . Frequent PVCs were observed only in the chagasic group, both during exercise testing: seven (9.3%) patients, and at the recovery phase: three (4%) patients. In contrast, there was no difference in the presence of ventricular tachycardia (VT) between the groups (p-value=0.587).
Assessment of autonomic function
In the assessment of autonomic function, there was no difference in the Valsalva ratio between the groups (p-value=0.855). Moreover, no correlation was found between the Valsalva ratio and the number of PVCs during exercise or at the recovery phase (r=0.199; p-value=0.102 and r=0.085; p-value=0.487, respectively).
For respiratory sinus arrhythmia, the average ratio between the largest inspiratory and the smallest expiratory cardiac intervals was lower in ChD patients with no apparent cardiac involvement compared with the control group (p-value<0.001). No correlation was found between the respiratory sinus arrhythmia index and the number of PVCs during exercise or at the recovery phase (r=-0.107; p-value=0.381 and r=-0.085; p-value=0.400, respectively).
The aim of the present study was to verify both the occurrence of EIVA and autonomic function indexes in ChD patients with no apparent cardiac involvement. The main findings of this study were: 1) a higher number of PVCs during the effort and the recovery phases of maximal exercise testing in ChD patients compared with healthy individuals and frequent ventricular arrhythmias observed only in ChD patients and 2) lower autonomic function, as assessed based on the respiratory sinus arrhythmia index, in patients compared with healthy individuals. These fi ndings support the concept that electrical abnormalities of the heart and autonomic imbalance may precede clinical manifestations in ChD patients (3) (24) . We also suggest that the higher occurrence of EIVA and vagal dysfunction may indicate the presence of subclinical cardiopathy in patients who are considered to be asymptomatic and to have a good prognosis. 
Exercise-induced ventricular arrhythmias in Chagas disease patients
Exercise testing is an important noninvasive prognostic tool that is easily performed, without expensive resources, and the results provide a wealth of information on the state of the autonomic nervous system (15) . Moreover, a focused review (11) showed that the majority of studies suggest that EIVA is associated with increased cardiovascular morbidity or mortality, and the occurrence of EIVA during the recovery phase of exercise testing has proven to be an even stronger predictor. However, information concerning the prevalence and prognostic implications of EIVA in ChD patients is limited (24) .
In a study (25) of 5,754 apparently healthy male subjects, aged 63.6 (10.2) years and without atrial fi brillation and digoxin treatment, the presence of EIVA was significantly higher in individuals with cardiovascular death than in survivors (p-value<0.001) after follow-up, suggesting that EIVA is an independent predictor of cardiovascular death (HR 1.6; 95% CI: 1.1-2.1; p-value=0.002). Furthermore, previous longitudinal studies (20) (26) have demonstrated the prognostic value of frequent PVCs during exercise. Prakash et al. (26) specifi cally found signifi cant differences in the percentage of patients with frequent PVCs or ventricular tachycardia between survivors and non-survivors (p-value<0.001). Similarly, Frolkis et al. (20) reported that frequent PVCs during exercise predicted a higher likelihood of death (fi ve-year death rate, 9% vs 5% for patients without frequent PVCs during exercise; HR 1.8; 95% CI: 1.5-2.1; p-value<0.001).
De Paola et al. (27) attempted to verify the prevalence and prognostic value of EIVA in 69 ChD patients, aged 46 (12) years, with chagasic cardiomyopathy. Ten (14%) patients had isolated PVCs, but VT was the only variable that signifi cantly infl uenced the occurrence of sudden cardiac death after a follow-up of 24 (15) years. Another study, which examined a prospective cohort (24) of 130 Chagas heart disease patients, aged 50.7 (10.3) years, also verifi ed the prognostic value of EIVA during a follow-up of 9.9 years (132 days to 17 years). The prevalence of EIVA was 43.1% (95% CI: 34.5-51.7), and in patients with cardiomegaly, the hazard of dying was four times greater in the presence of EIVA (p-value=0.05). However, in the absence of cardiomegaly or low LVEF, the authors suggested that other methods should be considered. The present study encompassed patients with no apparent cardiac involvement, and the differences in the clinical presentation of the patients did not permit additional comparisons.
In the current study, the occurrence of complex ventricular arrhythmias, such as VT, was low and not signifi cantly different between the chagasic and the control groups. However, the patients will be followed up, and future studies will help to provide an understanding of the relationship between the presence of EIVA and the occurrence of cardiac death. In the present study, we showed a higher prevalence of EIVA in ChD patients compared with healthy individuals, suggesting that these patients, even when asymptomatic, possess important arrhythmogenic substrates and subclinical cardiopathy.
At the recovery phase of exercise testing, attenuated vagal reactivation might be associated with ventricular ectopy that is not suppressed (20) . Recently, it was demonstrated that noninvasive parameters are useful for detecting autonomic abnormalities in mild forms of ChD at the recovery phase of exercise testing (28) . The present study highlighted a signifi cant difference in the presence of EIVA both during exercise testing and at the recovery phase in ChD patients, with a higher frequency of ventricular arrhythmias than in healthy individuals.
Autonomic balance in Chagas disease patients
Abnormalities in autonomic function in ChD patients have previously been studied and associated with the destruction of parasympathetic ganglions in the heart, resulting from progressive infl ammation (29) . Autonomic balance assessment using the Valsalva maneuver has been widely used in chagasic patients (21) (30) (31) and showed no difference between the groups examined in the present study. Similarly, a recent meta-analysis (32) demonstrated that only one of the seven studies analyzed found a signifi cant difference in the Valsalva ratio between healthy individuals and chagasic patients without cardiopathy. The authors also reported that in certain studies that did not detect any signifi cant difference, other autonomic indexes (such as respiratory sinus arrhythmia) were able to recognize reduced heart vagal modulation in ChD patients without cardiopathy.
For respiratory sinus arrhythmia, our results showed a signifi cant difference between the groups, indicating that vagal dysfunction may occur in the absence of overt heart disease and before the development of left ventricular dysfunction (8) . Thus, left ventricular impairment might not necessarily be the cause of vagal dysfunction (33) . Indeed, the reduced respiratory sinus arrhythmia index found in ChD patients with or without left ventricular dysfunction may indicate a loss of synchronization between the HR and respiratory cycles, which may be related to impaired vagal modulation of the heart (34) .
Previous studies (22) (34) have also shown reduced respiratory sinus arrhythmia indexes in ChD patients compared with healthy individuals (p-value<0.001 and p-value=0.011, respectively), and there were no differences between groups with normal (>50%) and reduced (≤50%) LVEFs (34) . In contrast, in the present study, the main fi nding was the coexistence of vagal dysfunction and EIVA in ChD patients without apparent cardiac involvement. The presence of these early cardiac abnormalities suggests that there is not a clear-cut point that precisely separates individuals without apparent cardiac involvement/indeterminate disease from those with cardiac forms of ChD (21) .
The respiratory sinus arrhythmia index is inversely associated with cardiovascular disease and seems to be a strong predictor of sudden cardiac death in cardiac patients (HR 7.4; 95% CI: 3.6-15.1; p-value=0.0001). However, the prognostic signifi cance of a reduced respiratory sinus arrhythmia index in chagasic patients without cardiac involvement needs to be further evaluated in longitudinal multicenter studies with a higher number of patients.
